Plant aminoaldehyde dehydrogenases oxidize a wide range of nitrogenous heterocyclic aldehydes.
The metabolic degradation of aldehydes is catalyzed by oxidoreductases from which aldehyde dehydrogenases (EC 1.2.1) comprise nonspecific or substrate-specific enzymes. The latter subset is represented, e.g., by NAD(+)-dependent aminoaldehyde dehydrogenases (AMADHs; EC 1.2.1.19) oxidizing a group of naturally occurring ω-aminoaldehydes including polyamine oxidation products. Recombinant isoenzymes from pea (PsAMADH1 and 2) and tomato (LeAMADH1 and 2) were subjected to kinetic measurements with synthetic aldehydes containing a nitrogenous heterocycle such as pyridinecarbaldehydes and their halogenated derivatives, (pyridinylmethylamino)-aldehydes, pyridinyl propanals and aldehydes derived from purine, 7-deazapurine and pyrimidine to characterize their substrate specificity and significance of the resulting data for in vivo reactions. The enzymatic production of the corresponding carboxylic acids was analyzed by liquid chromatography coupled to electrospray ionization mass spectrometry. Although the studied AMADHs are largely homologous and supposed to have a very similar active site architecture, significant differences were observed. LeAMADH1 displayed the broadest specificity oxidizing almost all compounds followed by PsAMADH2 and 1. In contrast, LeAMADH2 accepted only a few compounds as substrates. Pyridinyl propanals were converted by all isoenzymes, usually better than pyridinecarbaldehydes and aldehydes with fused rings. The K (m) values for the best substrates were in the range of 10(-5)-10(-4) M. Nevertheless, the catalytic efficiency values (V (max)/K (m)) reached only a very small fraction of that with 3-aminopropanal (except for LeAMADH1 activity with two pyridine-derived compounds). Docking experiments using the crystal structure of PsAMADH2 were involved to discuss differences in results with position isomers or alkyl chain homologs.